The article discusses the thermal processes occurring in a biogas plant in which the mixing device and the heating element are combined into one node, which allows to heat and maintain a given temperature regime more evenly due to the rotation of the heat exchanger and heat transfer to the biomass throughout the entire bioreactor. Required to operate the unit in a thermophilic mode, after its withdrawal to the working state, the heat output is determined by the heat loss of the plant itself and flow with increasing litter temperature to the temperature of the thermophilic mode, which can be described by thermodynamic equations. As a result of theoretical studies, factors have been identified that allow determining the distribution of biomass temperature over the entire volume of the digester. Studies were conducted to obtain data on the impact of the main parameters (design, kinematic and geometric) of a biogas plant and a heat exchanger-agitator on the quality indicators of its work, as well as the thermal processes occurring in it. The theoretical temperature homogeneity of the mixed medium is achieved by combining the heat exchanger and the mixing device into one node, the design and technological parameters of which characterize the intensity of the forced movement of fermented waste, changing the value of thermal conductivity, and finding the temperature field is the main task of the analytical theory of thermal conductivity applicable to the processes occurring in the bioreactor installation.
Introduction
Recently, there has been a trend towards an increase in energy consumption throughout the world. The urgent need is a transition to sustainable energy development based on energy saving and efficient use of new and renewable energy sources. One of the areas in the provision of cheap energy to agricultural enterprises is the use of agricultural waste (crop, livestock, poultry) by processing biological mass (biomass) and the production of biological gas (biogas) from it and highly efficient bio-fertilizer.
One of the most acute problems in the development of agriculture is the problem of its efficient energy supply. While traditional sources of energy have received a lot of attention, to date, the use of unconventional energy sources has, to date, been rather skeptical. To a greater extent, this attitude was incorporated both by the low cost of traditional energy resources and the relatively low scientific substantiation of the issues of improving the efficiency of non-traditional and alternative energy sources.
At present, the picture is changing in the direction of increased attention to the use of alternative energy sources, which is largely due to both the increase in their efficiency and the increase in tariffs for traditional energy resources. In this regard, the relevance of research to improve the efficiency of use of alternative energy sources for farms has increased significantly. Among the most acceptable areas can be considered the use of such unconventional sources as energy derived from biotechnology [1] .
Materials and Methods
A promising direction for the processing of poultry and livestock waste is anaerobic digestion, which helps to prevent environmental pollution, as well as to obtain processing products: gaseous fuel --biogas and highly efficient bio-fertilizer [2, 3] .
The processing of poultry and animal waste in a biogas plant is carried out by biochemical anaerobic decomposition of organic materials in the absence of oxygen, the flow rate and effectiveness of which depends on the following factors: temperature and mass heating method, acidity, and the degree of mixing. In this regard, biogas plants are equipped with heating, mixing, acidity control, heat recovery, and the bioreactor (methane tank) is insulated [4] .
For efficient operation of the bioreactor and maintaining stable fermentation, the feedstock must be heated and periodically mixed to prevent areas of uneven temperature. Also mixing eliminates stagnation of gas bubbles and increases the speed of their ascent.
The purpose of research is to study the thermal processes occurring in a biogas plant operating in a thermophilic mode.
In the laboratory "Alternative Energy" FSBEI HE Kabardino-Balkaria State Agrarian University conducted research work on the design and optimization of operating modes of a biogas plant for agricultural enterprises [5] . DOI To prevent the separation of the mass (substrate) and the intensification of the fermentation process, it is necessary to carry out the stirring of an agitator installed in the digester with both a mechanical and an electric drive. Intensification of heat transfer in the fermented medium is possible when free movement is replaced by forced movement, moreover, within the thermal boundary layer, which determines the patterns of heat transfer, and the frequency of rotation of the stirrer is the determining value of the motion mode.
To intensify the process of fermentation and optimize the design and energy parameters of the digester it is proposed to combine a mixing device (mixer) and a heating element in one node, i.e. mixing device is also a heating element. Such a combination allows you to heat and maintain a given temperature regime more evenly due to the The bioreactor scheme presented in Figure 1 consists of a sealed, heat-insulated body 1 with a lid 2, supply nozzles 3 and a biomass outlet 4, a biogas exhaust nozzle 5, and a heat exchanger-agitator 6. Figure 2 shows the arrangement of the blades of a heat exchanger-agitator.
The design of the bioreactor includes a heat exchanger-mixer, made in the form of a vertical shaft with blades of steel pipes, symmetrically and rigidly attached to the shaft, rotating in a horizontal plane, and the upper and lower parts are connected to a heat source.
Due to this design of the bioreactor, the metal consumption of the structure and the energy costs of its operation are reduced, the output of biogas increases due to uniform heat exchange and mixing of biomass throughout the entire bioreactor.
From the heat source, the heated coolant enters the heat exchanger-agitator shaft and is distributed over all its blades, heating the biomass and returning to the heat source through the return pipe. There is a constant heating of the biomass and the circulation of the coolant. DOI For further theoretical studies, a calculated three-dimensional model of the bioreactor has been developed, presented in Figure 3 and 4 [2] . 
Results and Discussion
Consider the thermal processes occurring in a biogas plant. Required to operate the unit in a thermophilic mode, after its output to the working state, the thermal power is determined by the heat loss of the unit itself [6] . In the bioreactor, heat exchange processes take place directly in the installation volume with increasing litter temperature to the temperature of the thermophilic mode, which can be described by the equations of thermodynamics.
Theoretical studies of thermal processes occurring in a biogas plant operating in a thermophilic mode, after its withdrawal to the operating state, have been carried out.
The required heat output is determined by the heat loss of the installation itself and is described by the equations of thermodynamics.
In particular, to determine the amount of heat passing through the volume of a bioreactor, as follows from the Fourier law, it is necessary to know the internal temperature field of the bioreactor, and finding the temperature field is the main task of the theory of thermal conductivity in relation to the processes occurring in the installation bioreactor [7] .
This article presents the results of deriving the differential heat equation, which gives a description of the temperature field in a bioreactor.
When deriving the equation, we accept the following assumptions: --the bioreactor is Thus, the process of heat transfer can be represented as follows. Each particle of water has its own speed, which decreases towards the wall, and for particles adhering to the wall, it is equal to zero. Thus, from moving water to a solid surface, heat passes through a fixed sticking layer. The molar heat transfer prevails transversely to the wall, in the direction of the wall, mainly by convection, and molecular heat transfer prevails at the wall itself due to heat conduction, which allows determining the heat flux through the water layer at the wall according to the Fourier thermal conductivity:
where is the coefficient of thermal conductivity of water, W/(m⋅K); T --current temperature, K.
The process of heat conduction takes place if at different points of the bioreactor the temperature of the mass varies. The process of heat propagation in the bioreactor proceeds with a change in temperature both in time and in space. The temperature state of the body is characterized by a temperature field.
Since the temperature at different points in the volume of the bioreactor is determined by the coordinates x,y,z and time , in the general case the equation of the temperature field has the form:
There are non-stationary and stationary temperature fields. If the temperature at all points of the bioreactor changes over time, then such a field is unsteady, but if the temperature does not change over time --the field is steady-state.
The temperature in the bioreactor changes in the direction of the three coordinate axes, and is a three-dimensional (spatial) temperature field, and the equation describes a three-dimensional non-stationary field.
The equation of a three-dimensional stationary field has the form:
The equation of a one-dimensional unsteady field takes the form:
The simplest form has the equation of a one-dimensional stationary temperature field:
The locus of points in the temperature field of a bioreactor having the same temperature is called an isothermal surface.
Since the same point of the bioreactor does not have different temperatures, the surface of the bioreactor is an isothermal surface. AgroSMART 2019 Figure 5 shows isotherms whose temperatures differ by T. The temperature in the body changes only in the directions intersecting the isothermal surfaces (direction). In this case, the greatest temperature difference per unit length occurs in the direction normal to the isothermal surface. The ratio of temperature change T to the distance between the isotherms along the normal and → 0, is a temperature gradient, that is:
The temperature gradient is a vector quantity, while the direction in the direction of increasing temperature is taken as the positive direction of vector , and the scalar quantity is called the temperature gradient, which is not the same for different points of the isothermal surface of the bioreactor. The coefficient of proportionality in the equation is a parameter characterizing the ability of the body to conduct heat, that is, is the coefficient of thermal conductivity.
Heat flux passing through the isothermal surface of bioreactor dF:
The heat flux density passing through the isothermal surface of the bioreactor:
The heat flux density in the bioreactor has a positive direction of the vector, since it is directed towards its isothermal surface with decreasing temperature, and the vectors q and lie on the same straight line, however, they have opposite directions. Hence the minus sign in these equations.
Accordingly, these equations are the Fourier law written for heat, for heat flux, and for heat flux density in a bioreactor.
For all the heat passed during time through an isothermal surface, the Fourier law in integral form represents the form:
For heat flow:
If the heat flux density vector is projected onto the 0 , 0 , 0 , coordinate axes, we get:
As mentioned earlier, the coefficient of thermal conductivity is a physical parameter of biomass characterizing the ability to conduct heat. In this case, depends on the type of biomass, pressure and temperature. Basically, the thermal conductivity coefficient is determined empirically when measuring the heat flux density and in the mass under study. The coefficient of thermal conductivity is determined from the relationship:
From this equation the physical meaning of the thermal conductivity coefficient is formulated.
Conclusion
Experiments show that the dependence of thermal conductivity on temperature, with enough accuracy for many materials, can be taken linear:
where: 0 --the value of thermal conductivity at = 0 0 ; --a constant value determined experimentally.
If we consider the change in the thermal conductivity of various substances, we can say the following.
The coefficient of thermal conductivity of liquids ranges from 0,07 to 0,7 [ B / (ℳ ⋅ K) ] .
In many liquids, except for water and glycerin, the heat conduction decreases with increasing temperature. With increasing pressure, the thermal conductivity of liquids increases.
In metals, the main carrier of heat is free electrons, which can be likened to an ideal monatomic gas. With increasing temperature, the scattering of electrons increases due to an increase in thermal inhomogeneities, which leads to a decrease in the thermal conductivity of metals. In dielectrics, with increasing temperature, thermal conductivity usually increases, but it strongly depends on humidity, porosity, and material structure.
From the Fourier law it follows that to determine the amount of heat passing through the volume of a bioreactor, it is necessary to know the temperature field inside the bioreactor itself. Finding the temperature field is the main task of the analytical theory of thermal conductivity in relation to the processes occurring in the installation bioreactor.
Analysis of the above equations shows that heat conduction, thermal diffusivity, density and structural and technological parameters of the heat exchanger stirrer, which characterizes the intensity of the forced movement of the fermented litter, affect the value of thermal conductivity.
Thus, the mixing time and, consequently, the degree of temperature homogeneity of the fermented material (litter or manure) depends on the multiplicity of circulation of biomass in the installation.
